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z.2012.07Abstract The goal of this study is to investigate the ability of vitaminE in the active form a-tocopherol
to mitigate the ethanol induced damaging effects and malformations in the developing chick embryo.
Fertilized eggs were divided into ﬁve groups; the control group, and treated groups. The experimental
groups were injected, in the air sac, before incubation with a single dose of 100 ll saline solution, 100 ll
of 10% ethanol in saline solution, a mixture of 100 ll of 10% ethanol and 200 ppm vitamin E or 10%
ethanol and 400 ppm vitamin E. Treatment of developing chick embryos with 10% ethanol resulted in
growth retardation andmalformations in the eye, brain, limbs and other body parts. Ethanol exerted its
degenerative effects probably via increasingmembrane ﬂuidity leading tomembrane damage and signif-
icantly increased levels of lipid peroxidation. Ethanol also induced signiﬁcant reduction in nitric oxide
levels resulting in reduced body weight of the treated embryo probably due to restricted bold ﬂow. Eth-
anol signiﬁcantly increased glutathione level as a defense response. Vitamin C levels were signiﬁcantly
decreased after ethanol treatment due tooxidation or utilization.VitaminE in the active forma-tocoph-
erol partiallymitigated the ethanol damaging effects either by exerting its antioxidant properties leading
to a signiﬁcant reduction of lipid peroxidation levels, retaining normal levels of nitric oxide ormaintain-
ing normal levels of endogenous antioxidants, glutathione and vitamin C.
ª 2012 The Egyptian German Society for Zoology. Production and hosting by Elsevier B.V. All rights
reserved.Introduction
Although the teratogenic effects of ethanol have been ﬁrmly
proven, the underlying mechanisms of toxicity remain unclear.
Alcohol-related disorders are one of the challenging current
health problems with medical, social and economic conse-du.eg
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.003quences. The teratogenic effects of alcohol manifested in the
form of craniofacial deformities, low birth weight, growth
retardation, and behavioral dysfunction. These effects were
termed as fetal alcohol syndrome in early infancy by Jones
and Smith (1973). Fetal alcohol syndrome is estimated to af-
fect between 0.33 and 3 in 1000 live births and is now recog-
nized as the leading non-genetic cause of mental retardation
in the western world (Marino etal., 2004). In addition to direct
alcohol drinking, our problem in the eastern world, as men-
tioned before (Ali, 2012), is that so many people including
pregnant women consume imported food stuffs containing
alcohol without knowing that these stuffs are alcohol added
and sometimes without knowing that they are pregnant
especially in the early period of pregnancy.and hosting by Elsevier B.V. All rights reserved.
Figure 1 A photograph of a control chick embryo at the age of
18 days of incubation showing normal development. The same
specimen was used before (Ali, 2012) with a different view.
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such developmental abnormalities is of great medical and eco-
nomic importance. The determination of alcohol’s teratogenic
mechanisms could conceivably lead to establishing a strategy
to alleviate or even prevent these devastating defects. Oxidative
stress has been postulated as one of the factors that play a cen-
tral role in many possible pathways and mechanisms of alco-
hol-induced damage.
Oxidative stress in the cells or tissues refers to the enhanced
generation of reactive oxygen species and/or depletion in the
antioxidant defense system, causing an imbalance between pro-
oxidants and antioxidants. Excessive production of oxygen rad-
icals leads to altered enzyme activity, decreased DNA repair,
impaired utilization of oxygen, lipid peroxidation and protein
oxidation. Some of these alterations induced by oxidative stress
have been recognized to be characteristic features of necrosis
and subsequently leads to organ damage (Devipriya et al., 2007).
Several investigations suggested that antioxidant therapy
may afford some level of protection against the teratogenic ef-
fects of alcohol. Recent studies examined the effectiveness of
antioxidant treatment in alleviating biochemical, neuroana-
tomical and behavioral effects of neonatal alcohol exposure
(Satiroglu-Tufan and Tufan, 2004; Kaur et al., 2010).
Vitamin E is the term that refers to a group of potent, lipid
soluble, chain breaking antioxidants. Structural analyses have
revealed that there are four tocopherol molecules (a, b, c and
d) and four tocotrienols (a, b, c and d) having vitamin E antiox-
idant activity. One form, a-tocopherol, is the most abundant
form in nature (Sheppard et al., 1993), has the highest biological
activity based on fetal resorption assays (Weiser et al., 1996), and
reverses vitamin E deﬁciency symptoms in humans (Schuelke
et al., 1999). Several investigators support the idea that vitamin
E can mitigate the toxic effects of alcohol and can be suitably
used as a potential therapeutic agent for alcohol-induced oxida-
tive damage (Shirpoor et al., 2009; Kaur et al., 2010).
In a recent study (Ali, 2012), a single dose of 5%, 10%, or
15% ethanol was found to induce teratogenic effects including
growth retardation and malformations in different organs.
Also, lipid peroxidation and nitric oxide levels increased, while
the endogenous antioxidants, glutathione and vitamin C
decreased signiﬁcantly. In a trial to understand the mechanisms
of ethanol developmental teratogenicity and to ﬁnd a suitable
treatment to alleviate or prevent the devastating defects of eth-
anol, the goal of the present study is, two different doses of the
antioxidant vitamin E were used to investigate the reverse
teratogenic effects induced by ethanol administration and to
retain the normal levels of some biochemical parameters
including the redox reaction agents and endogenous
antioxidants.
Materials and methods
Freshly fertilized eggs of the chick, Gallus domesticus (Dan-
drawi strain), obtained from the farm of Assiut University,
were divided into ﬁve groups. The mean weight of the eggs
was 50 g each. The fertilized eggs were obtained within 6 h
of being laid, and cleaned with 70% ethanol. Eggs of group
one were left untouched and constituted the absolute control
group, in which no experimental manipulations were carried
out. Eggs in Group II received one injection of 100 ll of
0.9% NaCl solution directly into the air sac. Eggs in Group
III received 100 ll of NaCl solution containing 10% ethanol.Eggs in Groups IV and V received 100 ll of NaCl containing
the same concentration of ethanol in addition to vitamin E
in the concentration of 200 and 400 ppm, respectively. Vitamin
E was obtained from Sigma–Aldrich Fine Chemicals (St.
Louis, MO, USA) in the active form a-tocopherol. All injec-
tions were carried out before incubation. Sterilization of the
incubator was carried out using Biocidal ZF reagents from
Wak-Chimie, Germany. The incubator was accurately ad-
justed at 38 C and humidity was also adjusted before use.
Eggs were incubated until they were taken out at intervals 2,
4, 6, 8, 10, 12 and 18 days of injection, for obtaining the re-
quired embryonic stages. Eggs were opened under physiologi-
cal saline solution. Embryos were carefully removed from the
yolk and membranes and were transferred to a new saline solu-
tion for washing and then either ﬁxed in aqueous Bouin’s ﬂuid,
formol-alcohol–glacial acetic acid solution or 10% neutral for-
malin for morphological and histological studies or were di-
rectly frozen in liquid nitrogen for later biochemical studies.
Histological studies were carried out on ages 2, 4 and 6 days
of injection. Specimens were processed for histological studies
according to Drury and Wallington (1980). Photomicrographs
were taken at known magniﬁcations using Carl Zeiss binocular
microscope model No. 451485. Some specimens of the control
and 10% ethanol treated groups were shown before (Ali, in
press), and were reused in the present study with different
views and different magniﬁcations. Notiﬁcation is given at
the explanation of the ﬁgures.
Biochemical studies were carried out on ages 8, 10 and
12 days of injection (data from different ages in the same
group were pooled together due to minor variations), while
morphological studies were carried out on the age of 18 days
of injection. For the biochemical studies, nitric oxide was mea-
sured as nitrite concentration calorimetrically using the meth-
od of Ding et al. (1988). For lipid peroxidation determination
(LPO), LPO products as thiobarbituric acid reactive sub-
stances (TBARS) were determined according to the method
of Ohkawa et al. (1979). Glutathione was determined using
Figure 2 A photograph of a chick embryo after 18 days of
treatment with 10% ethanol, showing growth retardation and
malformations in the eye, beaks, wings and hind limbs. Notice that
the head is laterally compressed. The same specimen was used
before (Ali, 2012) with a different view.
Figure 4 A photograph of a chick embryo after 18 days of
treatment with 10% ethanol, showing the upper jaw is longer than
the lower one.
168 R.A. Alithe method of Beutler et al. (1963), and vitamin C was
measured as described by Jagota and Dani (1982). Statistical
analyses were carried out using Prism software.
Results
Morphological examination
Normal morphological features known for the age of 18 days
were observed in embryos of both the control and saline in-
jected groups (Fig. 1). Embryos of Group III that were treatedFigure 3 A photograph of a chick embryo after 18 days of
treatment with 10% ethanol, showing a wry neck.with 10% ethanol showed a variety of malformations; includ-
ing reduced size, open abdominal cavity, undeveloped limbs,
and destruction of the skin at the area of articulation between
head and neck and absence of the eye. In some cases, the two
halves of the beak were vestigial and the head was laterally
compressed (Fig. 2). In other cases the embryos had a wry neck
(Fig. 3) and in others the upper jaw is longer than the lower
one (Fig. 4). Treatment with ethanol and 200 ppm vitamin E
produced nearly normal chickens, in addition to some malfor-
mations including inequality of the two halves of the beak,
absence of feather in some areas of skin (Fig. 5), thinner neck
and limbs, twisted right and left limbs around each otherFigure 5 A photograph of a chick embryo after 18 days of
treatment with 10% ethanol and 200 ppm vitamin E, showing
absence of feather from some areas of the skin.
Figure 6 A photograph of a chick embryo after 18 days of
treatment with 10% ethanol and 200 ppm vitamin E, showing that
the neck and limbs are thinner than normal, right and left limbs
are twisted around each other.
igure 8 A photograph of a chick embryo after 18 days of
reatment with 10% ethanol and 400 ppm vitamin E, showing
ormal morphological features.
a-Tocopherol mitigates ethanol induced malformations and cell damage in the eye and brain 169(Fig. 6). Wry neck, rudimentary beaks and vestigial limbs were
also observed in some cases (Fig. 7). Treatment with ethanol
and 400 ppm vitamin E produced normal embryos similar to
those of the control group (Fig. 8). Also, there were cases
showing some abnormalities. Out of these, there was a case
of high growth retardation with rudimentary fore and hind
limbs (Fig. 9). Another case showed wry neck with protruded
eye and reduced fore and hind limbs (Fig. 10). Also, other
abnormalities included a case that was dorsoventrally com-
pressed with narrow eye opening. The right thigh was totally
stuck to the trunk region and the neck was short. AbdominalFigure 7 A photograph of a chick embryo after 18 days of
treatment with 10% ethanol and 200 ppm vitamin E, showing wry
neck, rudimentary beaks and vestigial limbs.F
t
nhernia was observed and the intestine was extruded (Figs. 11
and 12).
Histological examination
At the age of 2 days after injection, control and saline treated,
embryos showed normal histological features known for that
age; a double walled optic cup, and lens placode started to
invaginate inside the optic cup (Fig. 13). Thick lateral and
basal walls of the posterior part of the myelencephalon and
thin upper wall were observed (Fig. 14). Injection with 10%
ethanol caused histological features of younger age; opticFigure 9 A photograph of a chick embryo after 18 days of
treatment with 10% ethanol and 400 ppm vitamin E, showing
growth retardation and rudimentary limbs.
Figure 10 A photograph of a chick embryo after 18 days of
treatment with 10% ethanol and 400 ppm vitamin E, showing the
wry neck, protruded eye and reduced limbs.
Figure 11 A photograph of a ventral view of a chick embryo
after 18 days of treatment with 10% ethanol and 400 ppm vitamin
E, showing dorsoventrally compressed body, and a narrow eye
opening. The right thigh is stuck to the trunk region. Neck is
short. Abdominal cavity is opened and the intestine is extruded.
Figure 12 A photograph of a dorsal view of the chick embryo
shown in Fig. 11.
Figure 13 A photomicrograph of a transverse section of an
untreated 2 day old chick embryo, showing diencephalon (DC),
lens placode (LP) and optic cup (OC). H&E stain.
170 R.A. Alivesicle was in the very early stage of invagination and only the
outer wall started to ﬂatten. Lens placode was still thin and not
thickened yet (Fig. 15). In the case of treatment with ethanol
and 200 ppm vitamin E, eye development was in the stage of
optic cup which is similar to that of the control. The lens plac-
ode was thick and invaginating inside the optic cup. The outer
layer of the optic cup appeared thin as a preliminary step prob-
ably to form pigmented retina. The inner layer of the optic cupwas considerably thicker than the outer one indicating the ini-
tiation of nervous retina formation. Blood capillaries were also
observed behind the optic cup. Cellular organization was al-
most normal (Fig. 16). In the other treatment with ethanol
and 400 ppm vitamin E, the embryo was found in a younger
developmental stage than the control and the eye was seen in
the early optic vesicle stage (Fig. 17).
At the age of 4 days of incubation, control and saline trea-
ted embryos showed a high degree of eye differentiation, the
inner thick wall of the optic cup formed the nervous retina,
Figure 14 A photomicrograph of a transverse section of an
untreated two day old chick embryo, showing anterior cardinal
vein (AV), thick lateral and basal walls and the thin roof of
myelencephalon (MY) and notochord (N). H&E stain.
Figure 15 A photomicrograph of a transverse section of a chick
embryo treated with 10% ethanol, after 2 days of treatment,
showing diencephalon (DC) and optic vesicles (OV). H&E stain.
Figure 16 A photomicrograph of a transverse section of a chick
embryo treated with 10% ethanol and 200 ppm vitamin E, after
2 days of treatment, showing diencephalon (DC), lens placode
(LP), optic cup (OC) and blood capillaries (arrow). H&E stain.
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ina. The space between the two retinal layers almost disap-
peared. Lens also showed a high degree of differentiation,
where lens epithelium was easily distinguishable from lens ﬁ-
bers (Fig. 18). Nerve cells of the lateral walls of metencephalon
were highly differentiated at the origin site of a cranial nerve
and its cytoplasmic processes were extending in all directions
communicating with other cells (Figs. 19 and 20). Basal and
lateral walls of the myelencephalon were thick while the roof
was obviously thin. White and gray matter were highly distin-
guishable from each other (Fig. 21). In case of injection with
10% ethanol, the degree of lens differentiation was lesser than
that of the control case, where spaces were observed between
lens epithelium and lens ﬁbers. Wide spaces were seen in be-
tween the pigmented and nervous retina (Fig. 22). Nerve cells
of brain walls were poorly differentiated. Cytoplasmic pro-
cesses were hardly seen (Fig. 23). In case of treatment with eth-
anol and 200 ppm vitamin E, eye development was similar to
the control. Spaces seen in between the pigmented and nervousretina were also seen (Fig. 24). Nerve cells in the brain walls at
the constriction between the diencephalon and mesencephalon
were in a case of differentiation similar to the control. White
and gray matter were distinguishable from each other
(Fig. 25). In case of treatment with ethanol and 400 ppm vita-
min E, a highly malformed eye was observed with variable
degrees of cellular degeneration in the retina and lens tissues.
Figure 17 A photomicrograph of a transverse section of a chick
embryo treated with 10% ethanol and 400 ppm vitamin E, after
2 days of treatment, showing diencephalon (DC) and optic vesicle
(OV). H&E stain.
Figure 18 A photomicrograph of a transverse section of the eye
of an untreated 4 day old chick embryo, showing lens epithelium
(LE), lens ﬁbers (LF), nervous retina (NR), pigmented retina (PR)
and the vitreous chamber (VC). H&E stain. The same specimen
was used before (Ali, 2012) with a different magniﬁcation.
Figure 19 A photomicrograph of a transverse section of the
brain of untreated 4 day old chick embryo, showing cranial nerve
ganglion (CG) and metencephalon (MT). H&E stain.
Figure 20 A photomicrograph of a higher magniﬁcation of the
black lined square area in Fig. 19. H&E stain.
172 R.A. AliRetinal folds were invading the eye cavity. Similar degree of
degeneration was noticed in the lens tissues, where the lens
ﬁbers were indistinguishable from the lens epithelium(Fig. 26). Differentiation of nerve cells in the myelencephalon
wall was poor and nerve cells were in a primitive embryonic
condition and the cytoplasmic processes were not seen
(Fig. 27).
At the age of 6 days of incubation, the eye lens in case of
control and saline treated embryos showed a high degree of
differentiation suitable to that age. Lens epithelium was obvi-
ously distinguished from lens ﬁbers and the lens as a whole
took the biconcave form. Pigment granules started to appear
in the cells of the pigmented retina (Fig. 28). Myelencephalon
was well formed with its thick lateral walls and bottom, while
the roof was thin (Fig. 29). Embryos treated with 10% ethanol
showed a high degree of degeneration in the eye and brain tis-
sues. Pigmented retina was not distinguished from the nervous
retina. Darkly stained granules were scattered in the cytoplas-
mic material of the retinal cells within the eye cavity. Also, the
eye lens was highly degenerated. The lens epithelium and lens
ﬁbers were indistinguishable from each other (Fig. 30). Brain
tissues were highly deformed and the boundaries between dif-
ferent parts of the brain were not seen. Neurocoel was
branched into small compartments. Nerve cells were highly
deteriorated and plasma membranes were ruptured and the
cytoplasmic constituents were dispersed (Fig. 31). Treatment
with ethanol and 200 ppm vitamin E or ethanol and
400 ppm vitamin E resulted in normal organization of the
eye and brain tissues. High level of differentiation was ob-
served in the eye and brain tissues similar to that of the control
embryos. In general, eye size was as big as the control. Eye lens
was highly differentiated. Lens epithelium was distinguished
from lens ﬁbers. Pigment granules were not seen in the pig-
mented retina in the case of treatment with ethanol and
200 ppm vitamin E but it was observed in the case of treatment
with ethanol and 400 ppm vitamin E (Fig. 32). Myelencepha-
lon restored its normal architecture with its thick lateral wall
and bottom, while the roof was thin (Fig. 33).
Figure 21 A photomicrograph of a transverse section of the
brain of untreated 4 day old chick embryo, showing anterior
cardinal vein (AV), dorsal aorta (DA), thick lateral walls of
myelencephalon (MY) and optic capsule (OC). H&E stain.
Figure 22 A photomicrograph of a transverse section of the eye
of a chick embryo treated with 10% ethanol, after 4 days of
treatment showing lens epithelium (LE), lens ﬁbers (LF), with
spaces between them (arrows), nervous retina (NR), pigmented
retina (PR) with spaces between them (black circle) and vitreous
chamber (VC). H&E stain.
Figure 23 A photomicrograph of a transverse section of the
brain of a chick embryo treated with 10% ethanol, after 4 days of
treatment showing poorly differentiated nerve cells (arrow) in the
brain wall. H&E stain. The same specimen was used before (Ali,
2012) with a different magniﬁcation.
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Morphometric measurements of the body weight, body length,
head height, head circumference and wing length revealed a dif-
ference in the parameters in all treated groups compared to the
control. Statistical analysis indicated a signiﬁcant difference in
the body weight, in case of treatment with ethanol or ethanol
and 200 ppm vitamin E, but there was no signiﬁcant difference
in the embryos treated with ethanol and 400 ppm vitamin E
treatment with ethanol only affecting the wing length signiﬁ-
cantly but not the body length, head height, head circumference
or leg length. Treatment with ethanol and 200 ppm signiﬁcantly
affected body length and head circumference only. The effect of
ethanol and 400 ppm vitamin E was insigniﬁcant for all the
parameters (Figs. 34, 35 and Tables 1, 2).
Figure 24 A photomicrograph of a transverse section of a chick
embryo treated with 10% ethanol and 200 ppm vitamin E, after
4 days of treatment showing diencephalon (DC), lens epithelium
(LE), lens ﬁbers (LF), nervous retina (NR), and pigmented retina
(PR) with spaces between them (black circle) and vitreous
chamber (VC). Black square lines the constriction between
diencephalon and mesencephalon. H&E stain.
Figure 25 A photomicrograph of a higher magniﬁcation of the
black lined square area in Fig. 24, showing differentiation between
gray matter (black circle) and white matter (arrow). H&E stain.
Figure 26 A photomicrograph of a transverse section of a chick
embryo treated with 10% ethanol and 400 ppm vitamin E, after
4 days of treatment showing degenerated lens (L) and retina (R).
H&E stain.
Figure 27 A photomicrograph of a transverse section of the
chick embryo treated with 10% ethanol and 400 ppm vitamin E,
after 4 days of treatment showing undifferentiated nerve cells in
the posterior part of the myelencephalon (MY) and notochord
(N). H&E stain.
174 R.A. AliBiochemical analysis
Lipid peroxidation
Fig. 36 and Tables 3 show the concentration of Lipid peroxi-
dation as TBARS (nmol/mg protein). TBARS signiﬁcantly
Figure 28 A photomicrograph of a transverse section of the eye
of an untreated 6 day old chick embryo, showing cornea (C), lens
epithelium (LE) and lens ﬁbers (LF) H&E stain.
Figure 29 A photomicrograph of a transverse section of the
brain of untreated 6 day old chick embryo, showing thick lateral
and bottom walls of myelencephalon (MY) and a thin roof. H&E
stain.
Figure 30 A photomicrograph of a transverse section of the eye
of a chick embryo treated with 10% ethanol, after 6 days of
treatment showing degenerated lens (L) and retina (R). H&E
stain.
Figure 31 A photomicrograph of a transverse section of the
brain of a chick embryo treated with 10% ethanol, after 6 days of
treatment showing degenerated nervous tissues and branched
neurocoel (NC). H&E stain.
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ing signiﬁcantly in chick embryos treated with ethanol and 200
or 400 ppm vitamin E compared to that of the normal control.
Nitric oxide
Fig. 37 and Table 3 show nitric oxide activity (nmol sodium
nitrite/mg protein). Nitric oxide signiﬁcantly decreased in
chick embryos treated with 10% ethanol and signiﬁcantly
increased in chick embryos treated with ethanol and 400 ppm
Figure 32 A photomicrograph of a transverse section of the eye
of a chick embryo treated with 10% ethanol and 400 ppm vitamin
E, after 6 days of treatment showing cornea (CR), lens epithelium
(LE), lens ﬁbers (LF), nervous retina (NR) and pigmented retina
(PR). H&E stain.
Figure 33 A photomicrograph of a transverse section of the eye
of a chick embryo treated with 10% ethanol and 200 ppm vitamin
E, after 6 days of treatment showing thick lateral and bottom
walls of myelencephalon (MY) and a thin roof. H&E stain.
176 R.A. Alivitamin E. The effect was insigniﬁcant in the treatment with
ethanol and 200 ppm vitamin E, compared to the control
embryos.
Glutathione (GSH)
The concentration of GSH as lg/mg protein is shown in
Fig. 38 and Table 3. It shows that GSH concentration signiﬁ-cantly increased in the treatment with 10% ethanol, while the
effect was insigniﬁcant upon treatment with ethanol and 200 or
400 ppm vitamin E compared to control chick embryos.
Vitamin C
Fig. 39 and Table 3 show that vitamin C content (U/mg pro-
tein) was signiﬁcantly decreased due to treatment with 10%
ethanol and signiﬁcantly increased due to treatment with eth-
anol and 400 ppm vitamin E, while the effect was insigniﬁcant
due to treatment with ethanol and 200 ppm vitamin E, com-
pared to the control embryos.Discussion
The current study indicated that injection of the fertilized eggs
of the chick with ethanol reduced the rate of development,
disturbed the normal pattern of development and caused
several malformations in the eye, brain, limbs and other body
parts. Vitamin E in the active form a-tocopherol could
partially mitigate such devastating defects of Ethanol.
Some of the harmful effects of ethanol have been attributed
to the induction of metabolic processes which lead to the
generation of excessive levels of reactive oxygen species result-
ing in a state of oxidative stress (Bondy et al., 1996).
The term oxidative stress indicates the steady state level of
oxidative damage in a cell, tissue or organ. Oxidative stress is
caused by the difference between the production of reactive oxy-
gen and the ability of cells to detoxify the reactive intermediates
or repair the resulting damage. An important destructive aspect
of oxidative stress is the production of reactive oxygen species
that include free radicals and peroxides. According to Valko
et al. (2005) some of the less reactive species such as superoxide
might be changed into more aggressive radical species that can
cause extensive cellular damage. However, under the severe lev-
els of oxidative stress that cause necrosis, the damage causes
ATP depletion, preventing controlled apoptotic death leading
to cell death(Lelli et al., 1998; Lee and Shacter, 1999).
In the current study, treatment of chicken embryos with
ethanol caused some morphological changes such as, growth
retardation, decreased weight and malformation in different
body parts including limbs, head, beaks and eye. Adding vita-
min E to ethanol as co-treatment did not reduce the malforma-
tions observed in the chick embryos. Also, vitamin E did not
restore the average body weight of normal chick embryos,
but rather there was an unexpected signiﬁcant decrease in
the body weight, body length, head circumference and wing
length at the end of the incubation period. Preedy et al.
(1999) stated that ethanol consumption causes both whole-
body and tissue-speciﬁc changes in protein metabolism.
Chronic and acute ethanol misuse increases nitrogen excretion
with concomitant loss of tissue mass. Reilly et al. (2000) stated
that acute alcohol toxicity in the skeletal muscle is deﬁned by
reductions in protein synthesis. Miller et al. (2003) found that
embryonic exposure to ethanol promoted reduction in brain
mass and neuron densities. This might give an interpretation
for the loss in body weight in ethanol treated embryos in the
present study. Boskovic et al. (2005) found that vitamin E con-
sumption is associated with a decrease in birth weight. Why
vitamin E as an attractive antioxidant therapy did not assist
treated embryos to restore normal average of body weight?
This is the question to be answered later.
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Figure 34 Effect of injection of saline, 10% ethanol, 10% ethanol + 200 ppm vitamin E and 10% ethanol + 400 ppm vitamin E on
body weight (in g) of chick embryo at the age of 8, 10, 12 and 18 days.
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that ethanol decreased the rate of eye and brain development.
In such cases the eye and brain tissues were not as differenti-
ated as the control in the early stages (2 and 4 days of incuba-
tion). This ﬁnding was coinciding with the statement of Lee
et al. (2005) who indicated that alcohol and its acetaldehyde
metabolite induce fetal developmental abnormalities by dis-
rupting cellular differentiation and growth. In the later stages
of development (6 days of incubation) degenerative changes
were observed where the cell membrane was hardly seen histo-
logically. Sergent et al. (2005) stated that ethanol induces
membrane ﬂuidity through enhancing lipid peroxidation and
an increase in low molecular weight iron to enhance oxidative
stress. Oxidative stress plays an important role in the develop-
ment of alcohol-induced tissue injury resulting in membrane
damage by lipid peroxidation (Kumaravel et al., 2011).
According to the ﬁndings and conclusions of Miller et al.
(2003), Sergent et al. (2005) and Kumaravel et al. (2011), it
is concluded that ethanol induced degenerative effects and cell
damage in the present study might be due to increasing mem-
brane ﬂuidity and increased levels of lipid peroxidation which0
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Figure 35 Effect of injection of saline, 10% ethanol, 10% ethanol +
body length, head height, head circumference and wing length (in cm)
mean of 9 embryos ± SE. aSigniﬁcance difference between normal co
10% ethanol + 200 ppm vitamin E. *Signiﬁcance when P< 0.05. **Swas conﬁrmed also in the present study by the biochemical
analysis of TBARS values. The present results were in agree-
ment with the previous studies in this respect. Co-treatment
with vitamin E partially protected the eye and brain tissues
against ethanol induced damage, concomitantly with the
ﬁndings of Sadrzadeh et al. (1995), Heaton et al. (2004) and
Bilgihan et al. (2005), and contradictory with Tran et al.
(2005) who found that vitamin E supplementation did not
diminish ethanol induced structural and functional damage
during the brain growth in rats.
Concerning the biochemical parameters in the present study,
ethanol treatment was found to increase signiﬁcantly lipid
peroxidation levels by 19.76%more than the control level, while
co-treatment with 200 and 400 ppm vitamin E signiﬁcantly de-
creased the level by 34.37%and 20.96%, respectively, compared
to control levels. Devi et al. (1993) found an increase of 66% in
lipid peroxidation levels of fetal rat hepatocytes after treatment
with ethanol. Agar et al. (2003) found 10% ethanol increased
lipid peroxidation by 34.32% and 35.67% in the cerebral hemi-
spheres in rats. Gyamﬁ and Wan (2006) found that ethanol
caused 221% elevation of lipid peroxidation in mouseHead 
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Figure 36 Effect of injection of saline, 10% ethanol, 10% ethanol + 200 ppm vitamin E and 10% ethanol + 400 ppm vitamin E on lipid
peroxidation activity in the normal chick embryo.
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Figure 37 Effect of injection of saline, 10% ethanol, 10% ethanol + 200 ppm vitamin E and 10% ethanol + 400 ppm vitamin E on
nitric oxide activity in the normal chick embryo. Columns are presented as a mean of nine embryos ± SE. aSigniﬁcance difference between
normal control and 10% ethanol, 10% ethanol + 200 pmm vitamin E and 10% ethanol + 200 ppm vitamin E. **Signiﬁcance when
P< 0.01. ***Signiﬁcance when P< 0.001.
Table 1 Effect of injection of saline, 10% ethanol, 10% ethanol + 200 ppm vitamin E and 10% ethanol + 400 ppm vitamin E on
body weight (in grams) of chick embryo at the age 8, 10, 12 and 18 days.
Age Group
Control Saline 10% Ethanol 10% Ethanol + 200 ppm vitamin E 10% Ethanol + 400 ppm vitamin E
8 days 1.083 ± 0.02 1.119 ± 0.07 1.17 ± 0.04 0.69 ± 0.08 a*** 1.21 ± 0.04
10 days 1.94 ± 0.03 1.48 ± 0.15 1.68 ± 0.24 2.03 ± 0.06 2.40 ± 0.08 a**
12 days 3.94 ± 0.23 4.98 ± 0.40 3.48 ± 0.42 3.67 ± 0.17 5.37 ± 0.10 a***
18 days 21.97 ± 0.62 17.24 ± 1.42 18.12 ± 1.10 12.11 ± 0.74 a** 16.66 ± 0.83
** Signiﬁcance when P< 0.01.
*** Signiﬁcance when P< 0.001.
Table 2 Effect of injection of saline, 10% ethanol, 10% ethanol + 200 ppm vitamin E and 10% ethanol + 400 ppm vitamin E on
body length, head height, head circumference and wing length (in cm) of chick embryo at the age 18 days.
Parameters Group
Control Saline 10% Ethanol 10%+ 200 ppm Vitamin E 10%+ 400 ppm Vitamin E
Body length 7.50 ± 0.07 6.34 ± 0.47 6.80 ± 0.22 5.73 ± 0.21 a*** 6.22 ± 0.16 a**
Head height 3.08 ± 0.05 2.76 ± 0.15 2.83 ± 0.06 2.60 ± 0.17 2.81 ± 0.15
Head circumference 7.01 ± 0.05 6.050 ± 0.40 6.70 ± 0.19 5.68 ± 0.27 a** 6.16 ± 0.16 a*
Wing length 4.13 ± 0.068 3.61 ± 0.29 3.52 ± 0.13 2.98 ± 0.15 a** 3.15 ± 0.23 a**
* Signiﬁcance when P< 0.05.
** Signiﬁcance when P< 0.01.
*** Signiﬁcance when P< 0.001.
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Table 3 Effect of injection of saline, 10% ethanol, 10% ethanol + 200 ppm vitamin E and 10% ethanol + 400 ppm vitamin E on
some biochemical parameters of normal chick embryo. Data represented the mean of nine embryos ± SE.
Parameter Groups
Control Saline 10% Ethanol 10%+ 200 ppm Vitamin E 10%+ 400 ppm Vitamin E
Lipid peroxidation 1.67 ± 0.06 1.87 ± 0.07 2 ± 0.13 a** 1.09 ± 0.05 a*** 1.32 ± 0.07 a***
Nitric oxide 0.21 ± 0.01 0.15 ± 0.01 0.06 ± 0.01 a*** 0.06 ± 0.01 a*** 0.26 ± 0.02 a***
Total glutathione 1.97 ± 0.15 1.45 ± 0.12 2.74 ± 0.21a*** 1.86 ± 0.09 1.96 ± 0.15
Vitamin C 3.18 ± 0.17 2.51 ± 0.18 2.12 ± 0.10a*** 2.24 ± 0.08 a*** 3.02 ± 0.09
aSigniﬁcance difference between normal control and 10% ethanol, 10% ethanol + 200 ppm vitamin E or 10% ethanol + 400 ppm vitamin E.
*Signiﬁcance when P< 0.05.
** Signiﬁcance when P< 0.01
*** Signiﬁcance when P< 0.001.
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Figure 38 Effect of injection of saline, 10% ethanol, 10% ethanol + 200 ppm vitamin E and 10% ethanol + 400 ppm vitamin E on
total glutathione activity in the normal chick embryo.
con. saline 10% 10%+200 10%+400
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
a*** a***
con.
saline
10%
10%+200
10%+400
µ g
/m
g 
pr
ot
ei
n
Figure 39 Effect of injection with saline, 10% ethanol, 10% ethanol + 200 ppm vitamin E and 10% ethanol + 400 ppm vitamin E on
vitamin C concentration in the normal chick embryo. Columns are presented as a mean of nine embryos ± SE. aSigniﬁcance difference
between normal control and 10% ethanol, 10% ethanol + 200 pmm vitamin E and 10% ethanol + 200 ppm vitamin E. ***Signiﬁcance
when P< 0.001.
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decrease lipid peroxidation level. Augustyniak and Skrzydle-
wska (2009) showed that alcohol causes the increase in the level
of lipid peroxidation products-conjugated dienes by about 70%
and 60% in the rat liver and blood serum respectively and mal-
ondialdehyde (an indicator of oxidative stress and cell damage)
by about 60% and 30% in the liver and blood serum, respec-
tively. Das et al. (2010) found that ethanol treatment increased
TBARS in the whole blood hemolysate of mice. In this respect,
Jordao et al. (2004) stated that administration of ethanol in-
duces an increase in lipid peroxidation both by enhancing theproduction of oxygen reactive species and decreasing the level
of endogenous antioxidants. Vitamin E levels act as a protective
factor against free radical generation. The present study sup-
ports this opinion, where addition of the antioxidant vitamin
E acts as a protective factor to reduce the levels of lipid peroxi-
dation. The present studywas in agreementwith and support the
previous studies (Agar et al., 2003; Jordao et al., 2004; Gyamﬁ
and Wan, 2006; Augustyniak and Skrzydlewska, 2009; Das
et al., 2010). The only contradiction was that presented in the
study of Carrard et al. (2009) who found that acute ethanol con-
sumption decreased lipid peroxidation in rats tongue. This may
180 R.A. Alibe due to the different way of ethanol application or the func-
tional and physiological nature of the tongue, so it was con-
cluded here that ethanol induced degeneration and cell
damage in the chick embryo partially via elevating levels of lipid
peroxidation. Vitamin E co-treatment alleviated the toxic effect
of ethanol and signiﬁcantly reduced the levels of lipid
peroxidation.
Singhal et al. (1999) suggested that ethanol accelerates neu-
trophil apoptosis. This effect seems to be mediated through the
generation of nitric oxide. Griffon et al. (2000) suggested that
in vitro nitric oxide biosynthesis in hepatocytes protects them
from ethanol-induced oxidative stress, whereas nitric oxide
production in macrophages deprives hepatocytes from this
protection. Alexander et al. (2007) stated that either the excess
or absence of nitric oxide causes morphological defects. Nitric
oxide is formed by different cell types in response to a variety
of physiological and patho-physiological stimuli (Cooper and
Magwere, 2008). De Licona et al. (2009) stated that a single
ethanol dose might induce neuronal damage in genetically sus-
ceptible brains only and neuronal nitric oxide synthase can
protect the developing mouse neurons against alcohol toxicity
by synthesizing neuroprotective nitric oxide. Tirapelli et al.
(2011) found that the increased production of nitric oxide fol-
lowing ethanol treatment might contribute to the progressive
hepatic damage.
Nitric oxide in the present results signiﬁcantly decreased by
about 71.43% compared to the control level after ethanol
treatment or co-treatment with 200 ppm vitamin E. Co-treat-
ment with 400 ppm vitamin E resulted in a signiﬁcant elevation
of nitric oxide levels about 23.81% compared to the control
levels. Kay et al. (2000) concluded that ethanol exposure
induces oxidative stress, which may account for the decreased
nitric oxide release, because nitric oxide may be shunted to-
ward scavenging free radicals. Increased nitric oxide synthase
protein expression may be a response to the increased demand
for nitric oxide. Decreased nitric oxide availability could
adversely affect blood ﬂow regulation, which could, in turn,
account for the growth restriction seen in ethanol-exposed
fetuses. Tang et al. (2009) stated that the damaging effect of
ethanol on the liver and intestine is mediated by inducible
nitric oxide synthase upregulation, nitric oxide overproduction
and oxidation/nitration of cytoskeletal proteins. These ﬁndings
might help in understanding nitric oxide behavior. Ethanol
treatment induced oxidative stress and free radical production,
normal levels of nitric oxide signiﬁcantly decreased because ni-
tric oxide molecules were shunted toward scavenging free rad-
icals. The co-treatment with 200 ppm vitamin E was not
enough to exert antioxidant protective properties of vitamin
E and consequently nitric oxide levels remained signiﬁcantly
lower than the control value. The low levels of nitric oxide
in both ethanol and 200 ppm vitamin E co-treatments could
adversely affect blood ﬂow regulation (Kay et al., 2000), which
might, in turn, account for the growth restriction and low
weight of embryos. On the other hand co-treatment with
400 ppm vitamin E signiﬁcantly elevated nitric oxide level,
meaning that the protein machinery inside the chick embryo
cells was mostly directed toward nitric oxide synthase protein
expression as a defense mechanism, and as a result the total
body weight was affected.
Glutathione, the natural endogenous antioxidant, provides a
ﬁrst line of defense against reactive oxygen species by scavenging
free radicals (Gumienczek, 2005). Glutathione is a tripeptide,and a powerful nucleophile critical for cellular protection (Devi-
priya et al., 2007). It was found in the present study that gluta-
thione increased signiﬁcantly after 10% ethanol treatment
showing 39.09% more than the control levels, while there was
non-signiﬁcant difference after any of the co-treatments with
vitamin E. Levels of glutathione in the present results for all
treatments are unexpected, where previous studies found signif-
icant decrease in glutathione levels after ethanol treatment. Devi
et al. (1993) found a 47% decrease in glutathione levels of fetal
rat hepatocytes after treatment with ethanol at moderate con-
centrations. Siler-Marsiglio et al. (2005) found that ethanol dis-
rupts the structure and function of the developing nervous
system via suppression of glutathione peroxidase/glutathione
reductase functions, protein expression of gamma-glutamylcys-
teine synthase, and total cellular glutathione levels. Gyamﬁ and
Wan (2006) found that ethanol caused 53% reduction in gluta-
thione levels. Augustyniak and Skrzydlewska (2009) showed
that alcohol caused reduction in glutathione levels by about
20% in the rat liver and blood serum. Das et al. (2010) found
that ethanol treatment induced a signiﬁcant decrease in the
glutathione content in the whole blood hemolysate of mice.
All these studies mentioned also that vitamin E protects against
ethanol induced damage via elevating glutathione levels. Chick
embryos in the present study exhibited a different situation by
signiﬁcantly increasing glutathione levels after ethanol treat-
ment. According toHamilton et al. (1985), a high content of glu-
tathione is desirable to protect against toxicity. Also, Teare et al.
(1994) suggested that the rise in glutathione levels after ethanol
treatment may be an adaptive response to free radical produc-
tion that protects against tissue damage. So, this glutathione in-
crease might be proposed as a critical defense mechanism
against ethanol toxicity. In the present study, 200 ppm vitamin
E co-treatment showed insigniﬁcant difference of the glutathi-
one level compared to the control, while the level in the other
treatment, 400 ppm, was almost the same as the control one.
Lamarche et al. (2004) concluded that vitamin E can protect
neurones from ethanol-induced oxidative stress, by contributing
to maintaining the intracellular glutathione levels. Galletti et al.
(2005)mentioned that cytoprotective effects of vitaminEare not
directly related to their scavenging capabilities but through
changes in the glutathione redox state via different mechanisms.
Siler-Marsiglio et al. (2005) stated that ethanol disrupts the
structure and function of the developing nervous system. They
found that vitamin E reduces neuronal death in the developing
cerebellum of ethanol exposed animals, and prevents apoptotic
and necrotic death of ethanol exposed cerebellar granule cells.
Also, they suggested that vitamin E mitigates ethanol induced
accumulation of intracellular oxidants and counteracts suppres-
sion of glutathione peroxidase/glutathione reductase functions,
protein expression of gamma-glutamylcysteine synthetase, and
total cellular glutathione levels. The results of the present study
were in agreement with and support the ﬁndings of Lamarche
et al. (2004) and Siler-Marsiglio et al. (2005). It might be sug-
gested that ethanol treatment induced increased levels of gluta-
thione in the chick embryo as a critical defense mechanism.
Vitamin E co-treatment maintained the normal glutathione lev-
els through performing the rate-limiting step for glutathione
synthesis, and total glutathione levels.
One of the vital roles of vitamin C is to act as an antioxi-
dant to protect the cellular components from free radical dam-
age. In the current study, vitamin C was signiﬁcantly decreased
after ethanol treatment showing 33.3% reduction compared to
a-Tocopherol mitigates ethanol induced malformations and cell damage in the eye and brain 181the control level. Vitamin E 200 ppm, as a co-treatment
showed a signiﬁcant reduction in vitamin C levels, about
30% compared to the control level. In case of co-treatment
with 400 ppm, vitamin C was recovered to insigniﬁcant differ-
ent levels compared to the control level. This means that
200 ppm vitamin E was partially ineffective, while 400 ppm
vitamin E was obviously effective to restore the normal levels
of vitamin C.
Wilson and Jaworski (1992) conﬁrmed the importance of
high levels of vitamin C during development of the central ner-
vous system in the chick embryo. They concluded that changes
in ascorbic acid concentration occur in response to oxidative
stress, consistent with the role of role for the vitamin in detox-
iﬁcation of oxygen radicals in fetal tissues. Lam et al. (1993)
indicated the importance of vitamin C in the differentiation
and development of the eye in the chick embryo. They found
an increase in vitamin C concentration in the interstitial matrix
between the lens placode and the optic vesicle and also during
lens and optic cup separation. Later, ascorbic acid was de-
tected in the newly formed vitreous cavity indicating its impor-
tance in the biosynthesis of the matrix that is ﬁlling the
expanding optic vesicle. Parallel with these results Masalkar
and Abhang (2005) suggested that the decreased levels of vita-
min C after ethanol treatment might be due to increased de-
mand or increased utilization of that antioxidant. Artun
et al. (2010) and Caliskan et al. (2010) found that ethanol treat-
ment induced oxidative stress in rats via elevating the level of
lipid peroxidation and lowering levels of vitamin C and
glutathione.
Reduction of vitamin C levels after ethanol treatment in the
present study was correlated with the degenerative damage ob-
served in the eye and brain tissues. Also, recovery of vitamin C
levels after vitamin E co-treatment was correlated with restora-
tion of almost normal architecture of the eye and brain tissues.
The degenerative effect observed in the present study after four
days of treatment with ethanol and 400 ppm vitamin E might
be attributed to the normally low level of endogenous vitamin
C at that age, where vitamin C was not detectable in the fertil-
ized egg prior to incubation, and detectable in the embryo at
5 days of incubation while increasing rapidly after day 6
during maximal eye growth (Zwaan and Lam, 1992). The
ability of vitamin E alone to counteract the severely degenera-
tive effect of ethanol at that early age was not effective,
probably due to absence of the natural endogenous antioxi-
dant, vitamin C. The present results were in synchronization
with the conclusions of Wilson and Jaworski (1992), Lam
et al. (1993), Stoyanovsky et al. (1998), Masalkar and Abhang
(2005), Artun et al. (2010) and Caliskan et al. (2010). It was
concluded that ethanol treatment reduced the level of vitamin
C may be via oxidation of ascorbate leading to consumption of
vitamin C or due to increased utilization of that antioxidant.
The reduction in vitamin C levels was correlated with the
degenerative effects of ethanol. Vitamin E co-treatment
restored the levels of vitamin C, probably via exerting the anti-
oxidant properties of vitamin E and saving the endogenous
antioxidant.
Although vitamin E therapy was unable to totally prevent
the morphological defects of alcohol exposure, it did appear
to partially protect against alcohol-induced degenerative cell
damage. Vitamin E was able to restore normal levels of some
biochemical parameters. Several factors might be important in
determining the effectiveness of vitamin E including the timingof treatment, dosage and the isoform (Marino et al., 2004).
Vitamin E is a recommended candidate for further studies to
ﬁnd out the optimal dosing. Combination of vitamin E with
other antioxidants is suggested.Acknowledgments
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